Background: Guidelines and practices for the management of sport-related concussion (SRC) have evolved swiftly over the past 2 decades. Despite common recommendations for a symptom-free waiting period (SFWP) before returning to sport, past reports have suggested poor utilization rates for this intervention.
Recommendations and guidelines for the management of sport-related concussion (SRC) have changed greatly over the past 2 decades. Historically, 3 prominent concussion grading scales were in use: the Cantu Evidence-Based Grading System for Concussion, 3 the Colorado Medical Society Guidelines, 5 and the American Academy of Neurology guidelines. 12 These grading scales relied heavily on loss of consciousness (LOC) and amnesia for determining concussion severity and clinical recommendations. In addition, each grading scale permitted concussed athletes to return to play on the same day in select situations. From 1996 to 2001, almost half of players in the National Football League who sustained a concussion returned to play in the same game. 27 Since that time, there have been numerous developments in formal clinical management guidelines for concussion. The First International Conference on Concussion in Sport in Vienna, Austria, in November 2001 1 produced a consensus statement with 4 main recommendations: (1) Concussions should be managed on an individual basis, (2) athletes diagnosed with concussion should not be returned to participation on the same day, (3) diagnoses should not be made only in the presence of LOC, and (4) concussions should not be managed based on grading systems that rely on such acute characteristics. 1 Since that time, the International Conference on Concussion in Sport has updated its consensus statements 3 times, [19] [20] [21] and additional organizations have published position papers. 2, 8, 10 All 50 United States and Washington DC now have 1 or more laws in place regarding the management of youth concussion, and sporting organizations like the National Collegiate Athletic Association, 22 National Federation of State High School Associations, 23 and individual states' athletic associations 30 have guidelines in place. The Wisconsin state law, for example, dictates that concussed athletes may not return to play on the day of injury and recommends return-to-play protocols that include a symptom-free waiting period (SFWP). 6 In addition, youth athletes, parents, and coaches are required to sign forms documenting awareness of the law before the start of the athletic season. A major change in guidelines and laws over time has been the implementation of an SFWP. Initially recommended at the First International Conference on Concussion in Sport, 1 an SFWP is now considered a central requirement for safe and effective return to play. The practice recommendation of an SFWP was derived from findings that the majority of repeat concussions occur within the acute (7-10 days) postinjury window, implying a window of cerebral vulnerability in which athletes may be more neurologically vulnerable to the effects of further stress. 7, 14 Yet it has likely taken some time for the recommended practice of an SFWP to be applied in the broader sports medicine community. In a retrospectively analyzed sample of high school and collegiate athletes enrolled in a prospective study of concussion from 1999 to 2004, an SFWP of any kind was employed in only 60.3% of cases. 14 But counterintuitively, an SFWP was unrelated to acute injury characteristics or clinical outcomes (symptom, cognitive, balance recovery). Furthermore, although most repeat concussions occurred within 10 days of injury, the SFWP group had a higher rate of repeat concussion than did the no-SFWP group. The finding implied that an SFWP does not speed clinical recovery or modify overall risk of reinjury but supported the concept of a general window of cerebral vulnerability during the acute postinjury period.
Given the numerous sociocultural and legal changes that have taken place in the context of SRC since this prior study, the goal of the current study was to obtain an updated account of SRC management practices. The major aims were to (1) characterize current concussion management practices using data collected from 2012 to 2014 and (2) examine current rates of same-season repeat injury. We then discuss these findings in the context of prior published data (collected from 1999-2004). We hypothesized that SFWP usage would be quite common in current practice and that same-season repeat injuries would be uncommon, especially within the acute postinjury period. We anticipated that concussions would be managed more conservatively (ie, that an SFWP would be more common and longer now than in 1999-2004) and that risk of same-season repeat injury would be low given more conservative clinical management practices. The findings shed light on the degree to which recent changes in guidelines, policy, and public awareness around SRC have changed routine clinical practice.
METHODS

Participants
As part of a larger prospective study on the assessment of SRC, 2148 student-athletes from 9 high schools and 4 colleges in Wisconsin participated from August 2012 through December 2014. Athletes at all participating schools had daily access to athletic trainers for SRC management. Within that larger sample, 143 athletes were followed after a sustained concussion, provided SFWP data, and were therefore targeted for analyses in this report. See Table 1 for additional sample characteristics. Adult athletes and parents of minor athletes provided informed consent, and minor participants completed assent forms before testing. The study was approved by the Institutional Review Board at the Medical College of Wisconsin.
Study Design
Before the season, athletes completed a baseline testing session that included the Sport Concussion Assessment Tool 3 (SCAT3) symptom checklist, 21 the Standardized Assessment of Concussion, 15, 16 Balance Error Scoring System, 28 and 2 of 3 computerized neurocognitive assessment tools: Automatic Neuropsychological Assessment Metrics (ANAM v 4.3; Vista Life Sciences), Axon Sports (Axon/Cogstate Sport; Cogstate Ltd), and Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT, online version; ImPACT Applications Inc). The protocol is described in more detail in prior publications from the study. 25, 26 Athletes who went on to sustain a concussion completed follow-up evaluations within 24 hours of injury and at 8, 15, and 45 days after injury. Baseline and postinjury examinations were performed oneon-one by a certified research coordinator or research assistant at each athlete's school.
Acute injury variables recorded included LOC, retrograde amnesia (RGA), posttraumatic amnesia (PTA), and concussive symptom burden within 24 hours of injury as measured by the SCAT3 symptom checklist symptom severity score (range 0-132, with higher scores reflecting greater symptom burden). Primary recovery variables included total duration of self-reported symptoms, time lost from sport, and length of SFWP. The athletic trainers who diagnosed the concussions prospectively provided acute injury characteristics (LOC, RGA, and PTA) to the research team, which were subsequently confirmed with subjects at the 24-hour evaluations.
Definition of Injury
The definition of concussion used in this study was based on that of the study sponsor (US Department of Defense): ''mTBI is defined as an injury to the brain resulting from an external force and/or acceleration/deceleration mechanism from an event such as a blast, fall, direct impact, or motor vehicle accident which causes an alteration in mental status typically resulting in the temporally related onset of symptoms such as headache, nausea, vomiting, dizziness/balance problems, fatigue, insomnia/sleep disturbances, drowsiness, sensitivity to light/noise, blurred vision, difficulty remembering, and/or difficulty concentrating.'' 9 However, all subjects sustained an SRC and were diagnosed by a certified athletic trainer.
Data Analyses
Although 167 concussed athletes were followed in the larger study protocol, data on the primary outcome variable for this study were missing for 24, i yielding 143 athlete injuries used in these analyses. Repeat injuries occurred for 10 of these subjects during the study period (n = 10; 5 in the same-season and 5 in a subsequent season at least 7 months after the initial concussion) and were not included in these analyses to ensure independent observations for statistical analyses.
Descriptive statistics were computed to characterize the sample, injuries, and clinical management variables (eg, SFWP frequency and duration). Independent-samples t tests, 1-way analysis of variance, and Pearson correlations were used to determine the relationship between length of SFWP (in days) and demographic and injury characteristics. Independent-samples t tests were also used to compare levels of competition and sex-based differences in clinical recovery and management metrics. Statistical analyses were conducted using SPSS (version 21.0; IBM SPSS Statistics for Windows; IBM Corp).
RESULTS
Clinical Management of SRCs
Overall sample characteristics, as well as injured athlete characteristics, are summarized in Table 1 . The acute injury characteristics of the sample were 5.7% LOC, 9.9% PTA, and 9.2% RGA. Table 2 provides descriptive statistics on recovery and clinical management of the concussed athletes. Mean symptom recovery took 6.35 days, with 72.7% of athletes reporting a full recovery within 1 week, 83.9% within 10 days, and 93.7% within 2 weeks. Only 0.7% of athletes reported symptoms for longer than 1 month. Mean time lost from sports participation after injury was 12.31 days. Only 26.6% of athletes returned to play within 1 week, but 74.1% of athletes returned to competition within 2 weeks, and 97.9% of athletes returned to sports participation within 1 month.
Mean 6 SD symptom duration was equivalent between high school and collegiate athletes (6.43 6 4.75 versus 6.30 6 5.41 days; t(141) = .14, P = .89). Similarly, mean time lost from sports participation was equivalent between levels of competition (high school vs collegiate: 12.98 6 7.03 vs 11.87 6 6.92 days; t(141) = .93, P = .354). Mean symptom duration and mean time lost from sports participation were also unrelated to sex (females vs males: 5.70 6 4.61 vs 6.48 6 5.25 days [symptom duration]; t(141) = -.67, P = .505; 11.91 6 6.76 vs 12.38 6 7.02 days [time lost from sports]; t(141) = -.30, P = .768).
An SFWP was reported in 99.3% of athletes with the average SFWP being 6.07 days. Table 3 displays additional information regarding the distribution of SFWP categories across subjects. Length of SFWP was not associated with any participant characteristics or injury characteristics. In particular, length of SFWP was not associated with age (P = .292), sex (P = .868), race (P = .802), sport (football vs soccer, P = .693), diagnosis of attention deficit/hyperactivity disorder (P = .604), learning disability (P = .521), grade point average (P = .624), Wechsler Test of Adult Reading standard score (P = .323), history of SRC (P = 
Rates of Same-Season Repeat Concussion
Five athletes (2 male football players, 2 male soccer players, and 1 female soccer player) experienced a same-season repeat concussion. Repeat concussions occurred at 8, 21, 25, 35, and 42 days after injury (mean, 26.2 days). The rate of repeat concussion (3.81%) was similar to the overall rate of concussion (4.25%) (P = .984). There was no significant difference in the average duration of symptoms, SFWP, or time withheld from sport between the athletes who sustained a same-season repeat concussion and those who did not go on to sustain a same-season repeat concussion.
DISCUSSION
The current study findings, collected on SRCs occurring between 2012 and 2014, imply nearly ubiquitous (99.3%) use of an SFWP in high school and collegiate athletes with SRC. These findings, compared with those previously published on an earlier sample (1999) (2000) (2001) (2002) (2003) (2004) , 14 indicate that SFWPs are more commonly utilized now (99.3% vs 60.3%) and, when utilized, are longer in duration (6.1 vs 3.2 days) than they were as part of concussion management practices from 1999 to 2004. (Statistical support for discussion points made regarding differences between the prior and current study samples and findings can be found in the Appendix, available in the online version of this article and at http://ajsm.sagepub.com/supplemental.) Combined with somewhat longer symptom duration reported by athletes in the current study sample, athletes are being withheld from competition approximately 5 days longer than they were previously (12.3 vs 7.4 days). As a result, athletes are more often returning to play outside the purported window of cerebral vulnerability during the first 7 to 10 days after concussion.
Consequently and consistent with expectation, the rate of same-season repeat concussion in this study was low (3.8%), with only 1 of the 5 same-season repeat concussions occurring within 10 days of the initial concussion. Interestingly, this is equivalent to the rate of same-season repeat concussion reported in the prior sample (ie, both 3.8%), although repeat concussions more frequently occurred in the acute postinjury time period in that prior sample (79.2% within 10 days of initial injury vs only 1 in 5 of the current repeat injuries). To the degree that a window of cerebral vulnerability exists early after injury, this implies reduced risk of repeat injury during that critical time in recovery. Similarly, the findings imply safer clinical practice in the context of concerns (albeit controversial) for potentially rare but catastrophic outcomes that have reportedly occurred when athletes are concussed a second time within the acute recovery phase of an initial injury. 4, 17, 18 Given that athletes with a history of concussion are at greater risk of sustaining another concussion, 7 our finding of a similar rate of same-season repeat concussion compared with overall concussion incidence suggests that concussed athletes are being managed in accordance with current clinical practice guidelines and, therefore, are at no greater risk for concussion than they would be through routine participation. As suggested earlier, we suspect that these practice changes have resulted from several factors, most notably the development and dissemination of clinical management recommendations by a number of expert groups and sports medicine organizations (eg, the International Conference on Concussion in Sport, American Academy of Neurology, National Athletic Trainers Association, American College of Sports Medicine) and the passing of state laws related to youth concussion management. These factors, as well as increased media attention to concussion, have increased public awareness of concussion and changed the culture of reporting and managing injuries for many groups of athletes, 13 further allowing recommendations to be realized in practice.
Another key finding was that symptom recovery was equivalent for high school and collegiate athletes in the current study sample. This is consistent with prior published findings from the historical sample compared with the current data and implies that clinical management practice need not differ between athletes at these levels of competition. 24 With only a trend toward more conservative clinical management in the high school sample, our data largely supported that this is occurring in practice in the geographic region followed for this study. Similarly, we found no association between sex and either symptom duration or clinical management, implying that concerns about sex differences in response to injury within the cohorts studied here may not be warranted.
It can be inferred that there is a greater rate of reported concussion overall now than there was in the previous study. This finding is supported by another analysis 13 that found similar rates of concussion between 1999-2002 and 2013 but increased concussion reporting in 2013. As a result of greater attention and legislation, athletes now may be more likely to report concussions, while health care providers, coaches, and parents may be more cognizant of concussion signs and symptoms. Stigma associated with reporting concussions may be reduced as symptoms (vs traditionally recognized acute injury characteristics such as LOC) are more widely recognized as a brain injury. As a result, athletes may be more likely to report concussions with less severe acute injury characteristics, a conjecture supported by less frequent PTA and RGA in the current cohort who also self-reported symptoms for a longer period of time.
Some limitations to this study exist. First, the measures used in the study are based on athlete self-report. Although it was specified in the design and athletes were told that the research team would have no involvement in return-to-play decisions, athletes may not have been completely honest when reporting recovery and returnto-play information. Athletes may not have fully understood the injury and recovery questions they were being asked. Furthermore, this study may not have a representative sample of schools, and results may not be generalizable beyond the region of data collection. High schools and universities that agree to participate in a research study on concussions may adhere to guidelines more so than do schools that are not actively participating in such research. In addition, the schools in our study have athletic trainers at each school every day of the week, which is not consistent with all schools, especially those in rural communities. Finally, this study included only athletes who completed follow-up and provided complete recovery information. Athletes who were lost to attrition (5.4% of entire sample) may have had different symptom durations and clinical management than those of athletes who completed the study.
It is also important to be aware that the historical and current samples we compared in this discussion of findings were different from each other in several ways. For example, the current sample included a greater diversity of sports participation (65% vs 80% football), sampled from a narrower geographic region, and used slightly different operational definitions of concussion than those of the prior study. On the other hand, both studies included high school and collegiate athletes, were comparable in sex distribution (albeit heavily weighted toward male athletes), sampled from overlapping geographic regions (southeastern Wisconsin), and were conducted by a common investigative team, which facilitated highly similar protocols for collection of clinical management information between the 2 studies.
Findings from the current study suggest that concussions are being managed much more conservatively than they were from 1999 to 2004. The magnitude of changes between prior and current usage of an SFWP is remarkable and reflects significant progress over the past 10 to 15 years in clinicians' adoption of practice recommendations for SRC. A number of factors may contribute to this, including increased availability of and knowledge about professional practice guidelines and legislation about concussion management, increased media attention toward concussion, and other changes to the cultural milieu for those involved in recognizing, reporting, and managing injuries. While this is considered a positive outcome, a key question that remains is to what degree such clinical management decisions influence an athlete's short-term clinical recovery and longer term neurologic outcomes. This is especially important for future work to address in light of our finding that symptom recovery was longer in the current versus prior study samples, particularly when considering other recent work finding more prolonged symptom recovery with more conservative injury management. 11, 29 Although intuitively reducing risk of acute repeat injury is advantageous, only with increased understanding of the neurobiological recovery course associated with concussion, as well as the interplay among clinical/behavioral and neurobiologic factors, will we know the mechanisms by which clinical management decisions influence athlete outcomes.
NOTE
i. Nine of these study subjects were lost to attrition; for 13 subjects, their seasons ended before they reached recovery and were able to return to competition; 2 did not have complete return-to-play and recovery data due to examiner error. Separate analysis showed that these athletes were similar demographically and on acute injury characteristics but had longer self-reported symptoms than did the athletes included in the current sample.
